The objective of the present experiment was to compare the performance, egg quality and organ morphometrics of commercial layers submitted to alternative forced molting methods using dietary fibers. The experimental period included the phases of molting, rest, and second laying cycle (six periods of 28 days each). In the trial, 320 commercial Isa Brown layers with 72 weeks of age were distributed, according to a completely randomized experimental design into five treatments with eight replicates of eight birds each, totaling 40 experimental units. Molting was induced by feeding diets with the inclusion of alfalfa or soybean husks at 80% and 60% or feed fasting. Treatments were applied for 14 days. Performance and egg quality parameters were evaluated for the second laying cycle and organ morphometrics (liver, gizzard, proventriculus, reproductive apparatus) in two different slaughter dates. The obtained data were submitted to analysis of variance using the General Linear Model (GLM) procedure of SAS statistical package (SAS Institute, 2002) . Alternative molting methods promoted similar performance and egg quality results after molting were similar to those obtained by the conventional fasting method. Feeding fiber produced the expected effects in terms of organ weight regression and recovery and may be used to induce molting in commercial layers.
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INTRODUCTION
The technical development and the high revenues place the poultry industry in the forefront of animal production. Some practices applied in the egg industry have been in the center of the controversies between animal rights groups, consumers, farmers, and researchers. One of these practices is forced molting (Berry, 2003) , which is used to increase the productive life of layers and to maintain their performance levels.
There are many forced molting methods, but the most common is feed fasting, which is strongly criticized by animal welfare organizations (Bell & Kuney, 2004) .
The feed fasting method consists in submitting hens to long fasting periods that, despite producing satisfactory results and being easy to apply, results in severe stress. Taking into consideration these welfare issues, other methods have been proposed. For instance, feeding fiberrich diets reduces the stress caused by fasting (Koelkebeck et al., 1992) , and has the same expected effects, that is, hens stop laying, allowing for the recovery of the reproductive tract, but start the second laying cycle faster than those fasted.
Some of the alternative feedstuffs used to induce molting are alfalfa hay (Kwon et al., 2001; Donalson et al., 2005; Landers et al., 2005; Sgavioli et al., 2011) and soybean husks (Girardon, 2011) . These
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Therefore, the present study aimed at evaluating the use of dietary as an alternative forced-molting method on the performance, egg quality, and organ morphometrics of commercial layers.
MATeRIAlS AND MeThODS
The experimental period included the phases of molting, rest, and second laying cycle (six periods of 28 days each). Birds were selected by body weight and egg production, and were then housed in a conventional layer house during the entire experimental period.
In the trial, 320 commercial Isa Brown layers with 72 weeks of age were distributed, according to a completely randomized experimental design into five treatments with eight replicates of eight birds each, totaling 40 experimental units.
During the molting period, a lighting program of 12h of light per day was adopted, and the period was light was gradually increased during the resting period until 17 hours of light per day, which was applied during the second production cycle. During the resting period and the second production cycle, birds were offered feed and water ad libitum.
The following five methods were applied to induce molting: 80% alfalfa and 20% feed (A80); 60% alfalfa and 40% feed (A60); 80% soybean hulls and 20% feed (CS80); 60% soybean hulls and 40% feed (CS60) and feed fasting (control).
During the second production cycle, the following performance parameters were evaluated at the end of each period: feed intake, egg production, average egg weight (total weight of eggs laid divided by the number of eggs laid per experimental unit), egg mass (egg production percentage multiplied by average * A80 = 80% alfalfa and 20% feed; A60 = 40% alfalfa; CS80 = 80% soybeans hulls and 20% feed; CS60 = 40% soybeans hulls ans 30% feed.
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egg weight), eggshell percentage (ratio between shell weight and egg weight), and feed conversion ratio (kg feed per kg eggs and per dozen eggs). Egg quality was also evaluated as to: Haugh unit (100 log (h + 7.57 -1.7 W 0,37), where: H = albumen height in mm, W = egg weight in g, and egg specific gravity (using NaCl solutions with densities between 1.065 and 1.100 g/ cm 3 , at 0.005 gradients, according to Moreng & Avens, 1990) .
During the experimental period, four birds per treatment were sacrificed after the molting process was completed, and four after resting in order to determine relative liver, proventriculus, gizzard, and reproductive apparatus weights. Mortality was daily recorded during the entire experimental period.
Feeds were based on corn and soybean meal, and formulated according to the recommendations of Rostagno et al. (2005) as shown in Table 1 .
The obtained data were submitted to analysis of variance using the General Linear Models (GLM) procedure of SAS® statistical package (SAS Institute, 2002) . When effect was significant, means were compared, at 5% probability level, by orthogonal contrasts: Contrast 1 -comparison of the average of the treatments with alfalfa inclusion with the average of the treatments with soybean hulls inclusion; contrast 2 -comparison of the average of the treatments with fiber inclusion with the feed fasting; contrast 3 -comparison between treatments with 80 or 60% alfalfa inclusion; and contrast 4 -comparison between treatments with 80 or 60% soybean hulls inclusion.
ReSUlTS AND DISCUSSION
The different methods used to induce molting did not influence layer performance during the second laying cycle (Table 2 ). The high concentration of indigestible fibers present in soybeans hulls and alfalfa hay may restrict nutrient availability, but result in a perception of satiety, due to the presence of saponins (Sibbald, 1979) . Nevertheless, no effect of the dietary treatments applied during molting on feed intake (p>0.05) was observed in the present experiment, suggesting that the treatments did not cause any permanent adverse effect on layer performance. These results are consistent with the findings of Biggs et al. (2004) and Sgavioli et al. (2011) , who evaluated alternative molting methods by feeding fiber, wheat and alfalfa, and did not observe any effect on layer performance during their second cycle of lay.
However, Mejia et al. (2010) fed layers with distiller's dry grain with solubles (2010), soybean hulls or wheat midds during molting, and found lower egg weight in the hens fed 47% soybean hulls.
In the study of Girardon (2011) , the best egg mass and relative egg production were obtained when the molting methods applied were 100% soybean hulls and feed fasting, respectively. That author also mentioned that, when considering the results related to stress, soybean hulls are better than feed fasting to induce molting. Onbasilar & Erol (2007) also observed layers submitted to induced molting by feed fasting had higher relative egg production. 
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The evaluated molt induction methods did not influence (p>0.05) egg quality parameters during the second laying cycle (Table 3 ). In addition, there was no effect of molting method on eggshell percentage during the second laying cycle. This is consistent with the results of Giampaulli et al. (2005) , who obtained 8.96% eggshell in the eggs of layers submitted to feed fasting for 10 days. Other studies (Landers et al., 2005) also report that that egg quality during the second laying cycle was not different when molting was induced by feed fasting or by feeds containing alfalfa hay. In the study of Girardon (2011) , however, the best Haugh unit and egg specific gravity were obtained when the molting methods applied were 100% soybean hulls and feed fasting, respectively. Some authors (Donalson et al., 2005; Sgavioli et al., 2011) evaluated the feed inclusion of increasing alfalfa levels to induce molting, and observed a linear and negative effect on Haugh units. Those authors suggested that internal egg quality is impaired by increasing dietary fiber levels during molting, differently from the findings of the present study.
Ovary weight loss is simultaneous to body weight loss, and this process is directly linked to the recovery of the hen's reproductive tract during the molting period (Braker, 1983) . Souza et al. (2010) reported that many studies in literature found that reproductive tract involution during forced molting is required to ensure adequate performance during the second laying cycle. Therefore, morphometric characteristics of some organs of the hens submitted to molting were determined (Tables 4 and 5) .
The low feed intake, stress, and nutritional unbalance that result in the involution of the reproductive tract cause a cascade of neuroendocrine effects. Feed fasting or the provision of feeds, which composition does not supply the nutrients required for body maintenance, cause stress and, consequently hypothalamus hyperactivity. The hypothalamus then releases corticotropic (ACTHRF) and thyrotropic (TSHRF) hormones (Girardon, 2011) , influencing the pituitary, which then starts secreting ACTH and TSH. The increase in the blood levels of these hormones leads to adrenal and thyroid hypertrophy and hyperfunction, causing gonadotropic hormone unbalance (Garcia, 2004) . The relative weight of the reproductive tract (ovary + oviduct) was not influenced (p>0,05) by the tested molting induction method on none of the sacrifice dates. Consistent results were obtained by Landers et al. (2005) , Woodward et al. (2005) , and Freitas et al. (2011) , when feeding hens with different percentages of alfalfa and white leadtree (Leucaena leucocephala) hay to induce molting. Araújo et al. (2007) evaluated feed fasting and diets with high zinc, low calcium, and low sodium levels to induce molting and also did not find any effect on reproductive tract weight. 
On the other hand, Sgavioli (2010) observed lower reproductive tract weight loss when layers were fed 50% alfalfa hay compared with 90 and 70% alfalfa hay in the feed. Therefore, the results of the present study and literature findings corroborate with the idea that high dietary fiber supply to induce molting in layers causes similar reproductive tract weight loss as feed fasting.
According to Landers et al. (2005) , in order to be accepted by the poultry industry, methods to induce molting must provide a stimulus substantial enough to cause sufficient reproductive tract regression during molting and result in egg production and quality in the second cycle similar to those obtained with the feed fasting method.
There were no changes (p>0,05) in the other organs evaluated post-molting. These results are consistent with the findings of Sgavioli (2010) , who also did not observe any influence of different dietary alfalfa inclusion levels on gizzard, liver, or proventriculus weights. Souza et al. (2010) evaluated different feed restriction levels and observed that the highest relative gizzard weight (3.07%) was obtained in layers submitted to 50% feed restriction, whereas the most severe gizzard weight reduction was obtained with feed fasting. When low fiber inclusion was used by the authors to induce molting, reproductive organ regression was not efficient. In the present study, however, the weight loss of the gizzard, proventriculus, and liver obtained with the high alfalfa hay and soybean hull levels was similar to that obtained with feed fasting.
There are few reports in literature on the induction of molting in layers using alternative feedstuffs, particularly soybean hulls. This study showed that both soybean hulls and alfalfa hay can be used with the same efficiency as feed fasting to induce molting in commercial layers. However, their mode of action is not fully elucidated.
The results of the present study indicate that layers submitted to induced molting by dietary fiber inclusion presented similar reproductive tract regression and recovery as those submitted to feed fasting, but were less stressed due to feed supply. Therefore, the low nutrient supply of the treatments with high fiber inclusion did not cause any irreversible damage to the layers' reproductive tract, as shown by their relative egg production during the second laying cycle (Table 2) .
CONClUSIONS
The results of the present study indicate that dietary fiber can be used to induce molting in commercial layers, as shown by the similar performance and egg quality results during the second laying cycle compared with those obtained with conventional feed fasting, demonstrating that there was proper regression and recovery of the reproductive organs. Therefore, induced molting methods with dietary fiber inclusion may be used as an alternative to feed fasting, obtaining similar results in the second laying cycle.
